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(54) Clamping apparatus 

(57) A housing (11 ) has a piston (1 7) inserted there- 
into. A pull rod (12) is connected to the piston (17). An 
annular collet (13) is externally fitted onto the puH rod 
(12). When clamping, an engaging member (14) provid- 
ed on a peripheral wall of the collet (1 3) is inserted into 
an engaging hole (2) of a workpiece (1) and the piston 
(17) is lowered. Then a tapered outer peripheral surface 
(12a) of the pull rod (12) diametrically expands the en- 
gaging member (1 4) to engage it with the engaging hole 
(2) and the collet (13) slightly descends against a push 
spring (27). Thus a downward driving force acting on the 
pull rod (12) is transmitted to the workpiece (1) via the 
engaging member (14) and the workpiece (1) is pulled 
and fixed to a support surface (S) of the housing (11). 
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Description 

BACKGROUND OF THE INVENTION 

1. Technical Field 

[0001] The present invention relates to a clamping ap- 
paratus of such a type that pulls a workplece, a metal 
mold or the like object to be fixed, to a work pallet, a 
table or the like support pedestal and fixes it thereto. 

2. Description of the Earlier Technology 

[0002] A common clamping apparatus is adapted to 
arrange a clamping member around an object to be fixed 
which has been placed on a support pedestal and make 
the clamping member push the object to the support 
pedestal. 

[0003] The conventional clamping apparatus ar- 
ranged the clamping member around the object to be 
fixed. Accordingly, there was a disadvantage that the 
clamping member reduced a working space around the 
object to be fixed. 

SUMMARY OF THE INVENTION 

[0004] The present invention aims at proposing a 
clamping apparatus for improving the disadvantage. 
[0005] In order to achieve the aim. the present inven- 
tion has constructed a clamping apparatus in the follow- 
ing manner, for example, as shown in Fig. 1 to Fig. 4, 
Fig. 5 to Fig. 8 or Fig. 9 to Fig. 13, respectively. 
[0006] The clamping apparatus comprises a driving 
means 15 provided within a housing 11. a pull rod 12 to 
be reciprocally moved in an axial direction by the driving 
means 15, a tapered outer peripheral surface 12a pro- 
vided on the pull rod 12 so as to narrow toward a base 
end (first end) of the axial direction, an engaging mem- 
ber 1 4 arranged jn-aaouleil£§npheraJ_spa ar ound the 
taperedLoui er peripheral surface 12a so as to be insert- 
ed into an engaging hole 2 of an object 1 to be fixed, 
and a support means 29 inhibiting the engaging member 
1 4 from displacing to the base end with a predetermined 
supporting force and allowing it to displace to the base 
end with a force larger than the supporting force. The 
pull rod 12, when driven toward the base end, makes 
the tapered outer peripheral surface 12a change over 
the engaging member 1 4 to a radially outward engaging 
position (X) so as to engage it with the engaging hole 2 
and displaces the engaging member 14 to the base end 
against the support means 29. This adapts a driving 
force of the pull rod 1 2 to be transmissible to the object 
1 to be fixed. On the other hand, when driven toward a 
leading end (second end), the pull rod 1 2 allows the en- 
gaging member 1 4 to change over to a radially inward 
disengaging position (Y). 

[0007] it is considered to utilize an urging force of a 
push spring 27 in Fig. 1(A), an oil pressure force acting 
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on a push-up piston 60 In Fig. 9, a resilient force of a 
lower half portion 70 of an annular member 1 3 in Fig. 
1 3 or the like for the support means 29. 
[0008] It is also considered to engage the engaging 

s member 14 with the engaging hole 2 by causing the en- 
gaging member 14 to bite into the engaging hole 2 due 
to plastic deformatbn or elastic deformation or by bring- 
ing the former into frictional contact with the latter. 
[0009] Further, although the tapered outer peripheral 

10 surface I2a is preferably formed to be circular when 
seen in cross section for the purpose of machining, it 
may be in a rectangular or the like polygonal shape 
when seen in cross section. 

[0010] Additionally, the engaging hole 2 of the object 
IS 1 to be fixed also preferably has a circular shape for the 
purpose of machining but it may have a rectangular or 
the like polygonal shape, when seen in cross section. In 
the case where the engaging hole 2 is made polygonal, 
it suffices if a plurality of engaging members 14 are ar- 
ranged so that they can oppose to the respective sides 
of the polygonal engaging hole 2. 
[001 1 ] The present invention functions in the following 
manner, for example, as shown in Figs. 1(A) and 2. 
[0012] In an unclamping condition of Fig. 1(A). the 
driving means 15 (here a piston 17) moves the pull rod 
12 upward and the engaging member 14 is supported 
from below by the support means 29 (here the urging 
force of the push spring 27). 

[0013] When clamping, the engaging member 14 is 
fitted into the engaging hole 2 of the object 1 to be fixed. 
In that state, the driving means 1 5 lowers the pull rod 1 2. 
[001 4] Then, as shown in Fig. 2, the tapered outer pe- 
ripheral surface 12a of the pull rod 12 projects the en- 
gaging member 1 4 to the radially outward engaging po- 
sition (X) to thereby engage it with the engaging hole 2. 
At the same time, the engaging member 14 descends 
by a stroke (M) against a supporting force of the support 
means 29 with a downward driving force of the pull rod 
1 2. Thus the downward driving force of the pull rod 1 2 
is transmitted to the object 1 to be fixed through the en- 
gaging member 14 and the object 1 is pulled toward the 
housing 11. 

[0015] The clamping condition of Fig. 2 is switched 
over to the unclamping condition of Fig. 1 through the 
procedures substantially opposite to the above-men- 
tioned ones. 

[001 6] In consequence, the present invention produc- 
es the following effects. 

[0017] In the clamping condition, the object 1 to be 
fixed can open five of its six surfaces except a surface 
(R) to be fixed. Therefore, in the case where the object 
to be fixed is a workpiece, it can have the five surfaces 
continuously machined while being clamped to result in 
surprisingly enhancing the efficiency of machining. Fur- 
ther, In the event that the object to be fixed is a metal 
mold, a space around the metal mold is not reduced. 
This makes it possible to mount a metal mold of large 
size and besides improve the workability when ex- 
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changing the metal mold. 
[0018] The object to be fixed can fulfil the intended 
purpose if it is provided with an engaging hole. It need 
not project an attachment for clamping. Thus the object 
is easily handled. 

[0019] When the engaging hole is adapted to be cir- 
cular in cross section, it can be easily formed by a drill, 
a reamer or the like. Therefore, the object to be fixed 
can be machined for providing the engaging hole with a 
good efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

Figs. 1 to 4 show a first embodiment of the present 
invention; 

Fig. 1 (A) is a vertical sectional view of a clamping 
apparatus undamped; 

Fig. 1 (B) is a sectional view when seen along a line 
1 B-1 B in a direction indicated by arrows in Fig 1 (A); 
Fig. 2 is a vertical sectional view of the clamping 
apparatus clamped; 

Fig. 3(A) is an elevatbnal view of a workpiece to be 
fixed by the clamping apparatus; 
Fig. 3(B) is an elevational view showing the work- 
piece ready to be placed on housings of the clamp- 
ing apparatuses; 

Fig. 4 explains the procedures for removing a pull 
rod of the clamping apparatus; 
Figs, 5 to 8 illustrate a second embodiment of the 
present invention; 

Fig. 5 shows an engaging member of the clamping 
apparatus as lowered; 
Fig. 6 shows the engaging member raised; 
Fig. 7 shows the engaging member when it has fin- 
ished an engagement; 

Fig. 8 shows the engaging member when it has can- 
celled the engagement; 

Fig. 9 shows a third embodiment of the present In- 
vention and corresponds to Fig. 6; 
Fig. 10 shows a fourth embodiment of the present 
invention and corresponds to Fig. 6; 
Fig. 11 shows a fifth embodiment of the present in- 
vention and corresponds to Fig. 1(A); 
Fig. 12 shows a sixth embodiment of the present 
invention and corresponds to Fig. 1 1 ; and 
Fig. 1 3 shows a seventh embodiment of the present 
invention and corresponds to Fig. 12. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] A first embodiment of the present invention is 
explained with reference to Figs. 1 to 4. 
[0022] First, the procedures for clamping an object to 
beiflxed by the clamping apparatus-are explained mainly 
based on schematic views for, explaining operation in 



Figs. 3(A) and 3(B). 

[0023] In Fig. 3(A). numeral 1 designates a workpiece 
(an object to be fixed) ready to be machined by a ma- 
chining center. The workpiece 1 has six surfaces of a 

5 front, a rear, an upper, a lower, a right and a left ones. 
The upper one of the six surfaces is preliminarily pro- 
vided with a reference surface (a surface to be fixed) (R) 
by machining. Then the reference surface (R) is formed 
with a plurality of circular engaging holes 2 and a plural- 

10 ity of guide holes 3 (only two of each of them are shown 
here). 

[0024] In Fig. 3(B), numeral 4 indicates a work pallet 
for supporting the workpiece 1 . The work pallet 4 has a 
plurality of clamping apparatuses 5 and a plurality of 
?5 guide pins 6 (here only two of each of them are shown) 
fixed thereto. An upper surface of a housing 1 1 of every 
clamping apparatus 5 forms a support surface (S) for 
receiving the workpiece 1 . 

[0025] On fixing the workpiece 1 to the pallet 4, as 
20 shown in Fig. 3(B). first the workpiece 1 in a posture of 
Fig. 3(A) is vertically reversed and the workpiece 1 in 
the thus reversed posture is lowered. Then, first the 
guide holes 3,3 are fitting onto the guide pins 6,6. Next, 
the engaging holes 2,2 are fitting onto pull rods 12 and 
2S collets 1 3 of the clamping apparatuses 5. Thus the work- 
piece 1 has the reference surface (R) received by the 
support surfaces (S),(S) as shown by a two-dot chain 
line In Fig. 3(B) (see Fig. 1 (A)). 

[0026] Thereafter, each of the clamping apparatuses 

30 5 is clamp driven by a below-mentioned driving means 
15 (see Figs. 1 (A) and 2). Then, as shown in Fig. 2, the 
collet 13 diametrically expands to engage with the en- 
gaging hole 2 and the workpiece 1 is pulled downwards 
through the pull rod 12 and the collet 13 to thereby be 

35 fixed to the support surfaces (S),(S). 

[0027] Subsequently, the pallet 4 is conveyed into a 
machining center and then the workpiece 1 has five of 
its six surfaces except the reference surface (R) contin- 
uously machined by the machining center. 

40 [0028] When the machining is completed, first the 
work pallet 4 is conveyed out of the machining center 
and then the clamping condition is cancelled to remove 
the workpiece 1 from the pallet 4. 
[0029] Next. Figs. 1 (A) and 1 (B) and Fig. 2 explain a 

"fs detailed construction of the clamping apparatus 5. Fig. 
1(A) is a vertical sectional view showing an unclamping 
condition and Fig. 1(B) is a sectional view when seen 
along a line 1 B-1 B in a direction indicated by arrows in 
Fig. 1 (A). Fig. 2 illustrates a clamping condition. 

so [0030] The driving means 15 comprises a hydraulic 
cylinder of double acting type. More specifically, the 
housing 1 1 comprises a main body 1 1 a having a cylinder 
bore 16. into which a clamping piston 17 is inserted. The 
piston 17 has a lower side on which an unclamping ac- 

55 tuation chamber 18 is formed and an upper side on 
which a clamping actuation chamber 19 is provided. A 
piston rod 20 prbjeiits*- upward from' the piston 1 7? 
[0031 ] The housing main body 1 1 a has an upper por- 
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tion detachably provided with an adapter block 22 for 
receiving the worl^piece 1 . An upper end surface of Vne 
block 22 forms the support surface (S). Numeral 23 in- 
dicates a fastening bolt (here only one is shown). The 
pull rod 12 is inserted into the adapter block 22 so as to 
be vertically movable. The pull rod 1 2 has an upper por- 
tion provided with a tapered outer peripheral surface 
1 2a circular in section and narrowing downwardly, and 
it has an input portion 12b connected to an output por- 
tion 20a of the piston rod 20 so as to be radially movable 
and axially unmovable. 

[0032] The above-mentioned annular collet (annular 
member) 13 is externally fitted onto the pull rod 12 ver- 
tically movably. The collet 13 has a peripheral wall pro- 
vided with a slit 25 extending vertically. An upper half 
portion of the peripheral wall forms an engaging mem- 
ber 14. The engaging member 14 has a tapered inner 
peripheral surface 14a externally fitted onto the tapered 
outer peripheral surface 12a of the pull rod 12. The en- 
gaging member 14 has an outer peripheral surface pro- 
vided with a plurality of peripheral grooves shaping a 
saw-tooth when seen in section. 
[0033] The collet 1 3 is pushed up by a push spring 27 
and an annular plate 28. These push spring 27 and an- 
nular plate 28 compose a support means 29. 
[0034] Further, a first annular gap 31 is defined be- 
tween an outer peripheral surface at a mid-height por- 
tion of the collet 13 and an upper end portion of the 
adapter block 22. In addition, a second annular gap 32 
is formed between an outer peripheral surface of a 
sleeve 33 externally fitted onto a lower half portion of 
the collet 13 and the block 22. 

[0035] The clamping apparatus 5 operates as follows. 
[0036] When starting the workpiece 1 to descend as 
shown by a full line in Fig. 3(B), the clamping apparatus 
5 has been switched over to the unclamping condition 
of Fig. 1(A). 

[0037] More specifically, pressurized oil of the clamp- 
ing actuation chamber 19 has been discharged through 
a clamping port 37 and been supplied to the unclamping 
actuation chamber 1 8 through an unclamping port 38. 
Thus the pull rod 1 2 has advanced to its upper limit po- 
sition by the piston rod 20 and at the same time the collet 
1 3 has advanced to its upper limit position by the push 
spring 27. The engaging member 14 has been changed 
over to a disengaging position (Y). 
[0038] In the unclamping condition of Fig. 1 (A), clean- 
ing compressed air is supplied to a cleaning fluid supply 
port 40 of the housing 11, Then the compressed air 
passes through sleeve grooves 33a, 33b and is dis- 
charged upwardly out of the first annular gap 31 and the 
slit 25 of the collet 1 3. 

[0039] And when the workpiece 1 descends, the com- 
pressed air discharged from the annular gap 31 (and the 
slit 25 of the collet 13) blows away dust, chips and the 
like foreign matters adhered to the engaging hole 2 of 
the workpiece 1 and cleans it. This can prevent the pull 
rod 1 2 and the collet 1 3 from mis-fitting into the engaging 



hole 2. 

[0040] On the descent of the workpiece 1 , if an axis 
of the engaging hole 2 misaligns with an axis of the pull 
rod 12, existence of the foregoing two annular gaps 
5 31 ,32 moves the pull rod 1 2 and the collet 1 3 horizon- 
tally to automatically correct the misalignment of the ax- 
es. 

[0041] Thus the engaging hole 2 is smoothly fitted on- 
to the pull rod 12 and the collet 13, and the workpiece 
10 1 has the reference surface (R) received by the support 
surface (S) of the housing 11 . 

[0042] Just before the reference surface (R) is re- 
ceived by the support surface (S), a clearance between 
both of the surfaces (R) and (S) is narrowed and the 
IS compressed air flows through the narrowed clearance 
so vigorously that it can strongly clean the both surfaces 
(R) and (S). Therefore, the workpiece 1 can be posi- 
tioned with respect to the housing 11 with a good accu- 
racy. 

20 [0043] Next, the pressurized oil is discharged from the 
unclamping actuation chamber 18 and is supplied to the 
clamping actuation chamber 1 9. thereby enabling an oil 
pressure force acting on the piston 17 to lower the pull 
rod 12. Then, as shown in Fig. 2, the engaging member 

25 1 4 of the collet 1 3 diametrically expands by the tapered 
outer peripheral surface 1 2a to be changed over to an 
engaging position (X). The thus changed over engaging 
member 14 engages with the engaging hole 2 of the 
workpiece 1 . In other words, the pull rod 1 2. when driven 

30 downwards, makes the tapered outer peripheral surface 
12a change over the engaging member 14 to the en- 
gaging position (X) far away from an axis of the pull rod 
12. And in this embodiment, the engaging member 14 
engages with the engaging hole 2 in such a state that a 

35 saw-tooth portion on the outer peripheral surface of the 
engaging member 1 4 causes a peripheral wall of the en- 
gaging hole 2 to make a plastic deformation and the 
saw-tooth portion bites into the thus deformed peripher- 
al wall. 

40 [0044] Simultaneously with that engagement, the col- 
let 1 3 slightly descends by a stroke (M) against the push 
spring 27 with a downward driving force of the pull rod 
12. Thus the downward driving force of the pull rod 12 
is transmitted to the workpiece 1 through the engaging 
member 14 and as a result the workpiece 1 is fixed to 
the housing 11. 

[0045] In the above-mentioned clamping condition, 
the cleaning compressed air is inhibited from leaking out 
to result in increasing pressure at the supply port 40. 
50 Therefore, it is possible to judge whether or not the 
clamping apparatus 5 is in the clamping condition, by 
detecting the pressure increase through a pressure 
switch (not shown). 

[0046] When cancelling the clamping condition of Fig. 
55 2, the pressurized oil is discharged from the clamping 
actuation chamber 1 9 and is supplied to the unclamping 
actuation chamber 18, thereby raising the pull rod 12 
relatively to the engaging member 1 4 engaged with the 
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engaging hole 2. Then, as shown in Fig. 1 (A), the en- 
gaging member 1 4 diametrically contracts by its own re- 
silient force to be changed over to the disengaging po- 
sition (Y) and thereby cancels the engagement. In other 
words, the pull rod 12. when driven upwards, allows the 
engaging member 1 4 to change over to the disengaging 
position (Y) close to the axis. Thereafter, when the work- 
piece 1 is moved upward, it is smoothly extracted from 
the engaging member 14. 

[0047] After a plurality of clamping apparatuses 5 
have been Installed on the work pallet 4, the support sur- 
face (S) of every housing 11 is cut to the same level prior 
to using it. Speaking it in more detail, as shown in Fig. 
4. the adapter block 22 has an upper end surface pro- 
vided with a working allowance { a ) of a predetermined 
dimension. The working allowance ( a ) is cut through 
the following procedures. 

[0048] In the condition of Fig. 1 (A) with the workpiece 
1 not yet placed, first the piston 1 7 Is driven to Its lower 
limit position, thereby lowering the pull rod 1 2 to its lower 
limit position relatively to the collet 13 (see Fig. 4). In 
that state, the piston 17 is driven upward to have the pull 
rod 1 2 and the collet 1 3 raised. 

[0049] Next, as shown in Fig. 4, the block 22 is re- 
moved from the housing main body 11a. At this time, the 
push spring 27 has its urging force received by a retain- 
ing ring 42 through the annular plate 28. Subsequently, 
the sleeve 33 (see Fig. 1(A)) is extracted upwardly. At 
the same time, the pull rod 12 and the collet 13 are 
moved along a cut-out portion 28a of the annular plate 
28 to the right and then extracted upwardly. Thereafter, 
the block 22 is attached to the housing main body Ha 
again and then the working allowance (a) is cut. 
[0050] And after the cutting work, the block 22 is re- 
moved from the housing main body 11a. Then the pull 
rod 12, the collet 13 and the sleeve 33 (see Fig. 1(A)) 
are incorporated into the housing 11 through the proce- 
dures substantially opposite to the above-mentioned 
ones. 

[0051] The foregoing embodiment produces the fol- 
lowing advantages. 

[0052] The annular collet 13 is externally fitted onto 
the pull rod 12 so as to be axially movable and the pe- 
ripheral wall of the collet 13 Is provided with the engag- 
ing member 14. Therefore, the engaging member 14 
can be reliably supported by a simple structure. Be- 
sides, since the peripheral wall of the collet 13 compos- 
es the engaging member 14, the collet 13 can change 
over the engaging member 14 from the engaging posi- 
tion (X) to the disengaging position (Y) with its own re- 
silient force and therefore the change-over can be ef- 
fected by a simple means. 

[0053] Further, the support means 29 is adapted to 
comprise the push spring 27 and accordingly can be 
made simple and compact. 

[0054] Moreover, even if the support surface (S) is 
damaged due to wearing off and the like, it is sufficient 
to replace the adapter block 22 by new one with respect 



to the housing main body 11a. Therefore, the clamping 
apparatus 5 can be used over a probnged period of 
time. Besides, the pull rod 12 and the collet 13 can be 
easily removed by detaching the block 22. so that it does 

s not take much labor to conduct the maintenance work 
for the pull rod 1 2 and the collet 1 3. 
[0055] According to an experiment result, the tapered 
outer peripheral surface 12a of the pull rod 12 is prefer- 
able if it has a gradient within a range of about 2 degrees 

10 to about 1 5 degrees. A more preferable gradient is with- 
in a range of about 2 degrees to about 1 0 degrees and 
the most preferable one Is within a range of about 4 de- 
grees to about 6 degrees. 

[0056] When the inclination degree is expressed by a 
IS cone angle Instead of by the gradient, the tapered outer 
peripheral surface 1 2a is preferable If it has a cone angle 
within a range of about 4 degrees to about 30 degrees. 
A more preferable cone angle is within a range of about 
4 degrees to about 20 degrees and the most preferable 
20 one is within a range of at>out 8 degrees to about 1 2 
degrees. 

[0057] In the first embodiment, a working fluid for the 
driving means 15 of fluid pressure type may be other 
kinds of liquid or gas such as compressed air instead of 
2S the pressurized oil. The cleaning fluid may be other 
kinds of gas such as nitrogen gas or liquid instead of the 
compressed air. 

[0058] While Fig. 5 to Fig. 8 show another embodi- 
ment. Fig. 9 to Fig. 13 illustrate other different embodi- 
30 ments. respectively. In these other embodiments, in 
principle, the same characters are put to the members 
having the same structures as those of the first embod- 
iment. 

[0059] Fig. 5 to Fig. 8 show a second embodiment. 
3S This second embodiment arranges a lift member 51 of 
piston type vertically movably within the housing 11, as 
shown in Fig. 5. The lift member 51 is provided with the 
driving means 15 and the pull rod 12. The lift member 
51 comprises a main piston 51a having an upper side 
40 provided with a lowering actuation chamber 52. This 
chamber 52 is communicated with the unclamping ac- 
tuation chamber 18. The main piston 51a has a lower 
side provided with a raising actuation chamber 53. This 
chamber 53 is communicated with the clamping actua- 
ls tion chamber 19. 

[0060] In a retreated condition of Fig. 5, pressurized 
oil is discharged through a first port (P) and is supplied 
to the lowering actuation chamber 52 through a second 
port (Q). thereby lowering the lift member 51 to its lower 
50 limit position to retreat the pull rod 1 2 and the collet 1 3 
downwards of the support surface (S) of the housing 1 1 . 
Thus the support surface (S) can be cut by a predeter- 
mined working allowance as well as in the first embod- 
iment. And in that retreated condition, cleaning com- 
55 pressed air is discharged through the annular gap 31 
defined between the collet 13 and an upiser^^poilioh of 
the housing 11. The engaging merhber 14 of the collet 
13 has an outer peripheral surface provided with trian- 
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gular peripheral grooves. 
[0061] The piston 17 within the lift member 51 is 
raised by an oil pressure force of the unclamping actu- 
ation chamber 18. The piston 17 has an upper surface 
provided with an annular closing projection 55. which is 
brought into closing contact with an upper wall of the 
clamping actuation chamber 1 9. 
[0062] When clamping, the workpiece 1 is placed on 
the support surface (S) of the housing 1 1 . Thereafter, 
the pressurized oil is discharged from the lowering ac- 
tuation chamber 52 and is supplied to the raising actu- 
ation chamber 53. 

[0063] At a prior half time of pressure increase when 
the raising actuation chamber 53 has a lower pressure, 
as shown in Fig. 6. the piston 1 7 is held at a raised po- 
sition by a back-up. spring 56 and only the lift member 
51 goes up to thereby insert the pull rod 1 2 and the en- 
gaging member 1 4 into the engaging hole 2 of the work- 
piece 1 while aligning them. 

[0064] Speaking it in more detail, when the closing 
projection 55 is in the closing condition, a pressure force 
acts on an upper surface of the piston 17 only in an an- 
nular small area, which is a difference obtained by sub- 
tracting a sectional area corresponding to a diameter (B) 
of the closing projection 55 from a sectional area corre- 
sponding to a diameter (A) of the piston 1 7. Accordingly, 
in a state where the raising actuation chamber 53 (and 
the clamping actuation chamber 19 communicated 
therewith) each have a pressure lower than a predeter- 
mined one, the back-up spring 56 has an urging force 
larger than a hydraulic lowering force acting on the pis- 
ton 17 and therefore the piston 17 is held in a raised 
state. 

[0065] When the raising actuation chamber 53 (and 
the clamping actuation chamber 19) each have a pres- 
sure not less than the predetermined one, the piston 17 
is lowered against the spring 56 and the closing projec- 
tion 55 is separated from the upper wall of the clamping 
actuation chamber 1 9. Then as shown in Fig. 7. an oil 
pressure force of the clamping actuation chamber 19 
acts on the piston 1 7 in its entirety to strongly lower the 
piston 17 against the spring 56. Thus, like the first em- 
bodiment, the pull rod 12 drives the workpiece 1 down- 
ward through the engaging member 14 to pull and fix 
the workpiece 1 to the support surface (S). 
[0066] In order to put into practice such a sequence 
operation as lowering the clamping piston 17 after hav- 
ing raised the lift member 51 as mentioned above, the 
piston 17 is provided with the closing projection 55. Ac- 
cordingly, the back-up spring 56 for holding the piston 
17 at the raised position can fulfil the intended purpose 
only if it has a small urging force. This results in decreas- 
ing a reduction of the clamping force and besides mak- 
ing the housing 11 compact. 

[0067] When cancelling the clamping condition, the 
pressurized oil is discharged from the raising actuation 
chamber 53 and is supplied to the lowering actuation 
chamber 52, At an Initial time of the pressurized oil sup- 



ply, the lift member 51 is inhibited from descending by 
the engaging member 14 which Is being engaged with 
the engaging hole 2. Therefore, the unclamping actua- 
tion chamber 1 8 raises the piston 1 7 with its oil pressure 

5 force, thereby moving the pull rod 12 upward relatively 
to the engaging member 14 which is being engaged as 
mentioned above. Subsequently, as shown in Fig. 8. the 
engaging member 14 returns to the disengaging posi- 
tion (Y) with its own resilient force. Thus the lowering 

10 actuation chamber 52 lowers the lift member 51 with its 
oil pressure force to thereby return the clamping appa- 
ratus 5 to the retreated condition of Fig. 5. 
[0068] Fig. 9 shows a third embodiment and corre- 
spond to Fig. 6 of the above-mentioned second embod- 

15 iment. 

[0069] Fig. 9 illustrates an apparatus different from 
the apparatus of Fig. 6 in that a push-up piston 60 is 
provided instead of the push spring 27 and the annular 
plate 28 shown in Fig. 6 and that the push-up piston 60 
composes the support means 29 with a push-up cham- 
ber 61. 

[0070] Speaking it in more detail, in Fig. 9, pressu- 
rized oil of lower pressure supplied to the raising actu- 
ation chamber 53 through the first port (P) has moved 
the lift member 51 upward and the collet 13 has the en- 
gaging member 14 inserted into the engaging hole 2 of 
the workpiece 1. Likewise the second embodiment of 
Fig. 6, when the raising actuation chamber 53 has a 
pressure not less than a predetermined one, the clarpp- 
ing piston 17 has the closing projection 55 separated 
from the upper wall of the clamping actuation chamber 
19. Then the pressurized oil within the clamping actua- 
tion chamber 19 flows Into the push-up chamber 61 to 
hold the push-up piston 60 at a raised position and the 
raised push-up piston 60 supports the collet 1 3 with a 
predetermined force. 

[0071] Next, the clamping actuation chamber 19 
drives the clamping piston 1 7 downward with its oil pres- 
sure force, thereby driving the pull rod 12 downward rel- 
atively to the raised collet 1 3. Then the collet 1 3 has the 
engaging member 14 engaged with the engaging hole 
2 and at the same time the pull rod 12 moves the collet 
13 slightly downward with Its downward driving force 
against the upward supporting force of the push-up pis- 
ton 60. This makes it possible to transmit the downward 
driving force of the pull rod 1 2 to the workpiece 1 through 
the engaging member 1 4. 

[0072] Fig. 10 Illustrates a fourth embodiment and 
corresponds to Fig. 6. It shows both of the first and sec- 
ond ports (P) and (Q) supplied with no pressurized oil. 
[0073] In this case, if the lift member 51 of piston type 
and the clamping piston 17 are presumed to have the 
respective sealing diameters of D^. D2, D3 and D4 as 
shown and the back-up spring 56 is assumed to have 
an upward urging force Indicated by character (F). a val- 
ue of a downward oil pressure force acting on an annular 
sectional area obtained by subtracting a sectional area 
corresponding to the D3 from a sectional area corre- 
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spending to the is set to beconne larger than a total 
value of an upward oil pressure force acting on a sec- 
tional area corresponding to the D2 and the upward urg- 
ing force (F) of the spring 56. 

[0074] In consequence, when the pressurized oil is 
supplied to the lowering actuation chamber 52 through 
the second port (Q). the lift member 51 lowers the piston 
17 to thereby retreat the pull rod 12 and the collet 13 
downwards of the support surface (S) of the housing 11 . 
[0075] Further, when the pressurized oil is discharged 
through the second port (Q) and is supplied to the raising 
actuation chamber 53 through the first port (P). first the 
lift member 51 ascends with an oil pressure force acting 
on an annular sectional area obtained by subtracting a 
sectional area corresponding to the D4 from the section- 
al area corresponding tothe and with the urging force 
(F) of the spring 56. Thereafter, the clamping piston 17 
descends against the spring 56 with an oil pressure 
force acting on an annular sectional area obtained by 
subtracting the sectional area corresponding to the D4 
from the sectional area corresponding to the Dg. Thus 
the piston 17 drives the pull rod 12 downward. 
[0076] Fig. 11 illustrates a fifth embodiment and cor- 
responds to Fig. 1 . 

[0077] This Fig. 11 shows an apparatus simplifying 
the apparatus of Fig. 1 and differs therefrom on the fol- 
lowing point. 

[0078] The driving means 15 comprises a hydraulic 
cylinder of single acting and spring return type. 
[0079] More specifically, the piston 17 has an upper 
side provided with the clamping actuation chamber 19 
and a lower side to which a return spring 65 is attached. 
The support means 29 for the collet 1 3 is composed only 
of the push spring 27. And the collet 1 3 has a peripheral 
wall provided with a plurality of slits 25 opening toward 
its upper surface and its lower surface and arranged al- 
ternately in a peripheral direction. 
[0080] Like the apparatus of Fig. 1 , the pull rod 12 is 
adapted to be horizontally movable while aligning, rela- 
tively to the piston rod 20. The pull rod 1 2 and the collet 
1 3 are also adapted to be horizontally movable while 
aligning, relatively to Ihe housing 11 . 
[0081] The driving means 15 of cylinder type may be 
formed into a double acting type similar to that of Fig. 1 . 
[0082] Fig. 1 2 illustrates a sixth embodiment and cor- 
responds to Fig. 1 1 . 

[0083] Fig. 1 2 shows an apparatus different from the 
apparatus of Fig. 11 in that the annular member 1 3 cor- 
responding to the collet is formed to be separated from 
the engaging member 1 4. Speaking it in more detail, the 
annular member 1 3 has a peripheral wall provided with 
a plurality of engaging members 1 4 peripherally spaced 
apart at a predetermined distance. The engaging mem- 
bers 14 are supported by the annular member 13 so as 
to be horizontally movable. And the piston 17 drives the 
pull rod 1 2 downward to thereby make the tapered outer 
peripheral surface 12a push the respective engaging 
members 14 to the radially outward engaging position. 



[0084] Further, it is preferable to attach between the 
annular member 13 and the engaging members 14, a 
return spring (not shown) for forcedly returning the en- 
gaging members 14 from the engaging position to the 
5 disengaging position (Y). 

[0085] Fig. 1 3 illustrates a seventh embodiment and 
corresponds to Fig. 12. 

[0086] Fig. 1 3 shows an apparatus different from the 
apparatus of Fig. 12 in that the push spring 27 in Fig. 1 2 

10 Is omitted and Instead a lower half portion 70 of the an- 
nular member 13 is formed In the shape of a spring and 
that the support means 29 is composed of a resilient 
force owned by the lower half portion 70. 
[0087] Speaking it in more detail, the engaging mem- 

is ber 14 is pushed up by the resilient force of the lower 
half portion 70. At the time of clamp driving, when a 
downward clamping force acts on the engaging member 
14 from the pull rod 12, the lower half portion 70 down- 
wardly and resiliently displaces. This allows the engag- 

^0 ing member 1 4 to downwardly move to thereby pull the 
workpiece (not shown) to the support surface of the 
housing 11 and fixes it thereto. 

[0088] It is to be noted that the annular member 13 
has a lower portion fitted into an upper portion of the 
?5 housing 11 so as to be movable while aligning. 

[0089] The respective embodiments can be further 
modified as follows. 

[0090] The illustrated integrally formed collet 13 may 
be formed from a plurality of segments able to radially 

^0 expand and contract and each of the segments nnay be 
provided with an engaging member instead of providing 
the engaging member 14 on the integral collet 13. 
[0091] The engaging member 14 may be engaged 
with the engaging hole 2 by causing the engaging mem- 

'5 ber 14 to bite into the engaging hole 2 due to elastic 
deformation instead of due to plastic deformation or by 
bringing the former into frictional contact with the latter. 
[0092] The engaging member 1 4 may have peripheral 
grooves in the shaped of knurls, an uneven rugged sur- 

0 face or the like instead of having the saw-tooth shape 
or the triangular shapes as illustrated above, when seen 
in section and further the peripheral grooves may be 
omitted. 

[0093] The support means 29 may utilize rubber or the 
5 like resilient lorce instead of the push spring 27. 

[0094] The driving means 1 5 may employ an electric 
motor, an impact wrench or the like other kinds of actu- 
ators instead of the hydraulic cylinder. 
[0095] The support surface (S) for receiving the work- 
er piece 1 may be provided on the work pallet 4 instead of 
on the housing 11. 

[0096] The object to be fixed may be a metal mold or 
the like instead of the workpiece 1. 
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1. A clamping apparatus comprising: 
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a driving means (15) provided within a housing 

(11) : 

a pull rod (12) having an axis and being recip- 
rocally moved in the axial direction by the driv- 
ing means (15); 

a tapered outer peripheral surface (1 2a) provid- 
ed on the puH rod (12) so as to narrow toward 
a first end of the axial direction; 
an engaging member (14) arranged in an outer 
peripheral space of the tapered outer peripher- 
al surface (12a) so as to be inserted into an en- 
gaging hole (2) of an object (1 ) to be fixed; and 
a support means (29) inhibiting the engaging 
member (14) from displacing to the first end of 
the axial direction with a predetermined sup- 
porting force and allowing the engaging mem- 
ber (1 4) to displace to the first end with a force 
larger than the supporting force, 
the pull rod (12), when driven toward the first 
end, making the tapered outer peripheral sur- 
face (12a) change over the engaging member 
(14) to an engaging position (X) far away from 
the axis so as to engage it with the engaging 
hole (2) and displacing the engaging member 
(14) to the first end against the support means 
(29), thereby adapting a driving force of the pull 
rod (1 2) to be transmissible to the object (1) to 
be fixed, 

and on the other hand, when driven toward a 
second end of the axial direction, the pull rod 

(12) allowing the engaging member (14) to 
change over to a disengaging position (Y) close 
to the axis. 
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6. A clamping apparatus as set forth in any one of pre- 
ceding claims, wherein the support means (29) 
comprises a push spring (27) urging the engaging 
member (1 4) toward the second end of the axial di- 
rection. 

7. A clamping apparatus as set forth in any one of pre- 
ceding claims, wherein the housing (11) is detach- 
abty provided with an adapter block (22) for receiv- 
ing the object (1 ) to be fixed, the pull rod (12) being 
Inserted into the adapter block (22) movably in the 
axial direction. 

8. A clamping apparatus as set forth in claim 7. where- 
in the pull rod (12) is detachably connected to the 
driving means (15). 

9. A clamping apparatus as set forth in any one of 
claims 1 to 6. wherein the housing (11) includes a 
lift member (51) arranged movably in the axial di- 
rection, the lift member (51 ) being provided with the 
driving means (15) and the pull rod (12). 
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2. A clamping apparatus as set forth in claim 1 , where- 
in an annular member (13) is externally fitted onto 
the pull rod (12) movably in the axial direction and 
has a peripheral wall provided with the engaging 
member (14). 
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A clamping apparatus as set forth in claim 2, where- 
in the annular member comprises a collet (13). the 
collet (13) having a peripheral wall which forms the 
engaging member (14). 

A clamping apparatus as set forth In claim 2, where- 
in the pull rod (1 2) Is connected to the driving means 
(15) so as to be radially movable and an annular 
gap (31) is defined between the housing (11) and 
an outer peripheral surface of the annular member 
(13). 
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A clamping apparatus as set forth in claim 2. where- 
in an annular gap (31) is defined between the hous- 
irig (11) and an outer peripheral surtace of the an- 
nular member (1 3), the annular gap (31 ) being com- 
municated with a cleaning fluid supply port (40) pro- 
vided in the housing (11). 
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